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Title : POLARIZING MODE DISPERSAL DETERMINING APPARATUS OF 
5 OPTICAL APPARATUS AND METHOD THEREOF 
[ABSTRACT] 

[OBJECT] To generate different polarizing states of a light 

ray and determine polarizing mode dispersal in an optical 
apparatus by determining a polarizing state to be generated by 
10 means of operation on the light ray by the optical apparatus 
during an inspection. 

[SOLUTION] A polarizing light source 9 generates light rays 
provided with three polarizing states sequentially for at least 
two wavelengths and the light rays provided with three polarizing 

15 states enter in an optical network for each wavelength . Further, 
a polarimeter 10 measures the polarizing state, which is 
generated by the operation of the foregoing optical network, 
for the foregoing three polarizing states and for each wavelength 
to calculate the polarizing mode dispersal from the polarizing 

20 state, which is measured by the foregoing polarimeter. 
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[0019] 
[EXAMPLE] 

Fig. 6 shows a whole view of an example of an apparatus 
to attain accurate and simple determination of the polarizing 
5 dispersal mode, which is configured according to the present 
invention, with denoted by a reference numeral 8 . The apparatus 
8 is provided with a light source 9, which is polarized, for 
transmitting the light ray 1 to an optical apparatus (DUT) 30 
during inspection and a polarimeter 10 for receiving a part of 

10 the light ray 1 penetrated by DUT. In actual, the polarized 
light source 9 may be configured by a light source 40 and a 
polarized synthesizer 50, which is illustrated by dotted lines 
around the foregoing light elements in Fig. 6. For example, the 
light source 40maybe single or plural solid lasers for generating 

15 the light rays having different predetermined wavelengths such 
as 1300 nanometer and 1302 nanometer. These wavelengths are 
capable of being achieved by using, for example, a laser, which 
can be tuned, or it is capable of being achieved by a laser having 
a wide spectrum or other light sources and a monochrome measurer 

20 for selecting a wavelength. Conceptually, it is easier to 
understand determination of the polarized mode dispersal 
according to the present invention by explanation in use of two 
successive light rays. However, in order to illuminate the DUT 
30 at the same time by the light ray having a wavelength with 

25 a wide spectrum, a light source with a wide spectrum may be used. 
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Alternatively, in order to select the wavelength to be measured 
by the polarimeter 10, the monochrome measurer may be used at 
any position. 
[0020] 

5 In order to insert three different polarizing elements 

50a, 50b and 50c into a passage of the light ray to be generated 
by the light source 40 and generate three successive polarizing 
states of the light ray 1, it is preferable that the polarized 
synthesizer 50 is automated. Alternatively, the polarizing 
10 elements 50a, 50b and 50c are preferably configured so as to 
penetrate a linear polarizing state or they may be selected to 
penetrate an elliptical polarizing state. Another polarized 
light generator may be used, which includes a variable frequency 
wave table or a rotatable frequency wave table. 

15 

[0039] 

In an apparatus and a circuit network, in which time delay 
is dominant for a phase change, approximate calculation of an 
equation (8) and an equation (9) is reasonable even when A co 

20 is large. Further, as another back ground, an effective and 
compact formula for processing the polarizing property in an 
optical system was introduced by R. C. Jones during 1941 to 1956. 
Please refer to "new infinitesimal calculus for processing in 
optical system, (1) description and study of infinitesimal 

25 calculus ", by Jones, R. C, (J. Optical Institute, AM. , 31, 
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1941, p. 488 to 493) , "new infinitesimal calculus for processing 
in optical system (2) demonstration of three basic equivalent 
propositions", by Jones, R. C, (J. Optical Institute, AM., 31, 
1941, p. 493 to 499) , "new infinitesimal calculus for processing 
5 in optical system (3) Sohncke theory for optical operation", 
by Jones, R. C, (J. Optical Institute, AM., 31, 1941, p. 500 
to 503), (4) "new infinitesimal calculus for processing in 
optical system", by Jones, R. C, (J. Optical Institute, AM., 
32, 1942, p. 486 to 493), "new infinitesimal calculus for 

10 processing in optical system (5) more basic formula and another 
distribution of infinitesimal calculus", by Jones, R. C, (J. 
Optical Institute, AM. , 37, 1947, p. 107 to 110), "new 
infinitesimal calculus for processing in optical system (6) 
experimental determination of matrix", by Jones, R. C, (J. 

15 Optical Institute, AM. , 37, 1947, p. 110 to 112), "new 

infinitesimal calculus for processing in optical system (7) 
property of N-matrix", by Jones, R. C, (J. Optical Institute, 
AM., 38, 1948, p. 671 to 685) and "new infinitesimal calculus 
for processing in optical system (8) electromagnetic theory", 

20 by Jones, R. C, (J. Optical Institute, AM., 46, 1956, p. 126 
to 131) . A general outline of the infinitesimal calculus by 
Jones is described in fourth chapter of " polarized light in 
optics and stereoscopy", byCregar, D. S., Luis, J. Wand Randarl, 
C. E., (Academic Publication, San Diego, issued in 1990). 

25 [0040] 
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Generally, Jones introduced a clear mathematical 
expression to determine experimentally a forward permeability 
matrix IVI in the optical apparatus, which is unknown, linear and 
time fixed ("new infinitesimal calculus for processing in optical 
5 system (6) experimental determination of matrix", by Jones, R. 
Of (J- Optical Institute, AM. , 37, 1947, p. 110 to 112) . Such 
a prescription excludes an optical apparatus for generating a 
new optical frequency, which is different from the optical 
frequency of an incident light. Further, Jones vector is not 

10 capable of being used for representing a field, of which the 
light is partly polarized. However, since a light ray from a 
light source can not be completely paralyzed by a linear 
polarizing element, the above matter is not a substantial 
restriction. Further, the matrix of Jones is not capable of 

15 representing the extinction of the polarized light of the DUT. 
However, it is possible to delete an extinction operation of 
the polarized light by using a light source of a semi monochrome 
having full long length of connection. 
[0041] 

20 According, to the infinitesimal calculus by Jones, it is 

possible to represent an input optical electric field by an 
electric field vector Hat v (having - on a mark v, and so forth) 
of combined step of 1 x 2 for specifying completely a phase and 
a state of a light ray such as a light ray L as shown in Fig. 

25 6, although it has the above mentioned restrictions. Two 
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combined elements of this vector represent amplitude and a phase 
of a x component and a y component of the optical electric field, 
respectively. It is difficult to measure two optical phases 
since an optical interference measurer is needed. However, it 
5 is rather easy to measure a relative phase between a x line and 
a y line. The Jones vector only including relative phase 
information is called a Jones vector v, which is round down. 
The Hat v and v relate to each other with respect to an optical 
phase item. In other words, the following angle 0 exists. 

10 

[0049] 

Here, it is assumed that k = 1, 2, wholly. In the case 
that the equation (9) is satisfied, zl and z2 are referred as 
to an input basis state of polarized light and wl and w2 are 

15 referred as to an output basis state of polarized light. The 
output basis state of the polarized light relates to two groups' 
delay, xg, 1 and xg, 2. It means that an absolute phase <|)k of 
the output basis state of the polarized light changes in 
accordance with a frequency, in other words, d<|)k /dco = xg, k. 

20 The input basic state and the output basic state of the polarized 
light are generally functions of the optical frequency. Also, 
a group delay difference of the polarizing mode, xPMD = |xl-xg2 | , 
is basically a function of the optical frequency. An example 
of a method according to the present invention for determining 

25 the polarizing mode in the optical DUT 30 is based on measuring 
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of the strength of a permeable part of the light ray Al, which 
is necessary for introducing the output optical electric field 
by two wavelength, respectively, calculating a Jones matrix for 
the optical DUT 30 from the input and output Jones vector and 
5 satisfying the Jones vector of the input optical electric field 
with respect to the three polarizing states, which are identified 
in each of the two wavelengths. Then, the method according to 
the present invention determines the polarized mode dispersal 
in the optical DUT 30 from the calculated Jones matrix . Therefore, 

10 it is possible to determine accurately the polarized mode 

dispersal in the optical DUT 30 and it is possible to decrease 
actual number of measuring to be performed, so that the 
determination of the polarized mode dispersal can be performed 
speedy and easily. Next, the method for determining the 

15 polarized mode dispersal according to the present invention will 
be explained in detail. An example of a method according to 
the present invention determines the permeable polarized mode 
dispersal of the optical DUT 30 shown in Fig. 6 in accordance 
with three successive well-known polarizing states of the light 

20 ray 1 in each of the two wavelengths. The output from the light 
source 40 is connected to the input of the polarized synthesizer 
50 . This polarized synthesizer is used to convert the polarizing 
state of the light ray to be generated by the light source 40 
in each of the two wavelengths into three predetermined 

25 sequential polarizing states, for example, a horizontal, a 60 
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degrees and a 120 degrees liner polarized light. It is not 
necessary that the three states of the polarized light have the 
same strength. 
[0050] 

5 The output from the polarized synthesizer 50 is connected 

to the input of the optical DUT 30. The optical DUT 30 has an 
unknown permeable Jones matrix in each of the two wavelengths. 
As described later, it is possible to determine the polarized 
mode dispersal of the optical DUT 30 from this Jones matrix after 

10 determining the matrix. According to the method of the present 
invention, the unknown Jones matrix is calculated from 
measurement of response of the optical DUT 30 (measurement of 
a stroke parameter) with respect to the predetermined sequential 
polarizing states of the light ray 1 in each of the two wavelengths . 

15 [0051] 

Considering in more detail, an example of the method for 
determining the polarized mode dispersal in the optical DUT 30 
is illustrated in Fig. 8. As shown in Fig. 8, an example of 
the method for determining the polarized mode dispersal of the 

20 present invention employs the Jones infinitesimal calculus 
method in the optical DUT 30. In order to employ the Jones 
infinitesimal calculus method for determining the polarizedmode 
dispersal in the optical DUT 30, it is necessary to know the 
polarizing state of the light ray 1 in each of the two wavelengths 

25 to be transmitted to the optical DUT. Additionally, the light 




source 40 may be any one of optical energy sources to generate 
the light ray 1 in each of the two wavelengths. The light ray 
to be generated by the light source may have any polarizing state . 
Further, the light ray to be generated by the light source may 
5 include a nonlinear polarized light such as an elliptical 
polarized light or the light ray which is not polarized, since 
the polarizing state of the light ray, which is generated from 
the light source 40 by the polarized synthesizer 50, is capable 
of being identified securely when the light ray 1 is emitted 

10 from the polarized synthesizer. However, in the case that the 
light source 40 generates the light ray, which is linearly 
polarized, in each of the two wavelengths, the light source is 
selected and the polarized synthesizer 50 is sequentially set 
in such a manner as follows . In other words, the light ray should 

15 not be filtered completely (namely, be deleted) by one of settings 
of the polarized synthesizer depending on the polarizing state 
of the light ray to be generated from the light source . According 
to an example of the method of the present invention for 
determining the polarized mode dispersal in the optical DUT 30, 

20 the polarized synthesizer 50 is sequentially set to the three 
predetermined polarizing states. As a result of that, the light 
ray 1 to be transmitted to the optical DUT in each of the two 
wavelengths is capable of having the three predetermined 
polarizing states in each of the wavelengths as shown by a 

25 reference numeral 60 in Fig. 8. For example, the polarized 
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synthesizer 50 can be set so as to generate sequentially a linear 
polarizing state at 0 degree, 60 degrees and 120 degrees. Since 
the polarizing states are identified and these polarizing states 
are linear, it is possible that the three Jones vectors of the 
5 input optical electric field are satisfied in each of the 
wavelengths as shown by step 60 in Fig. 8. 
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(6) 



[0 0 3 1 ] ^F-;-y\*7>no 

^ (4) - (6) zm\^Titik&mm i8-2icj:ot4 
^$fL^»i^if *^^^^>ni) 6 fi^^^^^ti<x^ 

[0 0 3 2 ] 
[ft 7] 



[ 0 0 3 3 ] ZCO X 0 %&n\±m7 HZTfi Lfz^^i 9 VT 
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D UT 3 0 Cfctt £ (StK^- K^«^«S& DUT^I 

[ 0 0 3 4 ] WJP: LT/il3fc#[3JffiT'fi*^V>r ? o 
& HI ft 31. ^'il^^-ft L3r^£ T^* EI S* 

#"C#*. £<0*§£ii. tflS^O. B*BTSSESSX«EI» 
»fi*£-Jij»ftJ56^H (a>) lZ*^T#mftlfbiL. Z 

<«) fc Wjitt *tT. y ( co ) = H ( at ) x (o>) <b £r 
£ J: 3 ^T-S> , /^^I^JEd^60^:^ £ £ tefSti h ( ^ ) = 
exp (i^ (to) ] t mtZT £ Z htJ:^T 

tcffiss-r s c t & . 

[0 0 3 5 ] 
[ft 8 ] 



(<o-o3 0 ) 2 + . 



[0036] ^ c 0 (co) <nm*wm±&m%> htihti 

[ 0 0 3 7 ] Z Zt,Z d <f> / d co izitfju — y-mMco&fo 

&m&izj:^Ti±mMmmthWtfti&&. z<om& 



30 



tzm^x -mx-h zftm^vk^izizmizmm s fu x 

{ co ) = x ( a> 4- A co ) 0 . K O . 

[ 0 0 3 8] 
[ft 9 ] 



(8) 



[ 0 0 3 9 ] £2r£. B$rajS@^<afflSE'fk<p*EW«r« 
h frgjSfl * 1 9 4 1 - 1 9 5 6 ^EOSE R . 



ci f^Sidiiwr^^f L^af^?. (1) fit«# 

^C0B?I^^^1^J (J. ttfr¥W,<k. AM, 3 1 , 19 4 1 
8 8 - 4 9 r ft O *&JI CO 3t tf> 60 §\ L 

(2) 3o<0S*Wf«SI<0liEBJj (J. 
7£^t££r . AM. . 3 1 . 1 9 4 1 *4 9 3 - 4 9 9^- 

Wffffl^S ohnckeilf&j (J. 5fe^t^^. AM, 3 
1, 1941^5 0 0 - 5 0 3 ^-y) ^^IkCO^m 
<7>tz&<nm L (4) (J. T^^tS^ . AM. , 3 



2. 1 9 4 2^4 8 6 -4 9 3^-y) r ^^^<7)^fi 
0)tz*>comL^Wimft¥. (5) «fc OIM^^^^'J^r 
{^^^^60^1^ J ( J . Tfe^tS^.. 1,3 7 / 1 9 4 7 

^107-iio^-y) rft¥% t 0)mm*)ti#><Q8iL 
40 (6) v h »J ^^co^^^^r^J^ j. ( J . ^ 

AM.37, 1947*1 10-1 

Vfxcoft&j ( J . #¥t»^ AM., 3 8 . 1 9 4 8* 
6 7 1 - 6 8 5^-y) r ^^^<7)3t0i31<5O^^<5OffL^ 

(8) ^eniij ( j . ^^t^#. am , 4 e . 

1 9 5 6 *126-13K-x) S: #SS § il /c . >f 

3 ->X<a»a#¥<o«Bfi? D. S. , 

^ . J . W. : & tf 7 V^-yU. C . E . m t^RV 

50 JBu IfV f ^ Xr?\ 1 9 9 0 *f*J) ^0^ 4 mcfdmK£ tl 



11 



3 -yX{i*»<7>, SH^^r. 



(0 0 4 0 ] —f&tZ , 

(6) ?h'J ? xco&%iM%mmj ( J - 7fc^t&£, AM. 
.3 7, 1 9 4 7^1 10-11 :^J:3^i 

&m£&f£-rz>ft¥i&m£ffim-rz> i>cox-hh . set. 

fc^T^*^. L^L 5K « 4> CO ' 

ft&teitifcii*^ J; ^x5t±{zmft£ ti6 z t a<-c# 
£^^6m&&<vftMzi±m-? h ztizx^xm 
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12 

y [ 0 0 4 1 ] ±!E<0 «fc 3 4»J»3&«* & t C0<0." a - >- 
X^aSfl^WL 0 6 tC7p-L^*lft L<?3 J: 3 =£tjK4R^ffl 

9 h )V Hat v ( le-^- V co _b tc " co fe-sf- £ # "f h t <S0 . fcJL 
«#tt*{^fil*S*:tt£*tf -^X ;_<^Ji^ ii « 

% r >t ^' a - > x ■ < ? y )v v t n tr ti h . fiat v t v 

(i*^M(2ffl3St= J: ^TK^LTv^. -f2:£>^, TIE 
cox o *cftg.etf#tth . 

[0 0 4 2J 
ItlO] 

(9) 



( 05 +A(J ) 



a (co) 



[0043] ^^DUT30^)J:5 2r5£^D UTIil^ 20 
W2x2^fT^ICJ:ot*Sfi5. AA*3*«#fc:*$lt 

c0£&:fg<7) h ^ •/ ? . jgj&tT?'JHat 

m (ie-^-Mco±tc - <oE#£r*r-r * *>co. bit, 

SrfiJffl-T & ^ t tf&m-Ch h. CI coHat Mtift^D UT 

3 o zt&tc&Mco&ttmmcoftmzffitx us . <r<o*§ 
t>Hat MOSJ«(i"ai|-C25 &&/'*tn±=?»ft&&m 

ffffsfil* T£> £ . >-*3 -VX • <^ h^Oii'^^.t ^tC. 

[ 0 0 4 4 ] 
t» l 1 ] 

v - e ifl v. QO) 
[ 0 0 4 5 ] TK^aSSXIilHlKIH^^^^a - 

>X ■ fr^m^^ >?T. VJH»»o> = 2 * c/A tfDKIR 
X'h&Z t&X'Z . Z Z tc c (i*S<OiS«rft 0 , Ati 40 
^^TftS. Tie«O^S^(12)'CaS#i*J:3lc, 



zt^zx^x . & i; 3 - yx • h juzmft-t 

ZZttfX'%, Z tittAJl H 3 - VX s<7 h — M 

f s. 

[ 0 0 4 6 ] 
[R 12] . 

[0 0 4 7 ] (!3K3&*lglia-CASffiife*rM-r SffiStfOEa* 

j^tct^T. 2o^A^x' 3 -yx-<;h^zk« 
-6 C t **^J^ It 45 0 . ^co^^, as^^3-vx-^ 
^h;Uwk=M (co) zk (k=i. 2 ^^-^) {i^^/ij 

C. D. *r-yl^. R. E. y-^^-l 1 r^ojji — 

n-f-j (ElectLett. , 22. 1986. 1 
0 2 9 - 1 0 3 0 ^—'J^mW.cOZ t . ) wkCfc^t 
f l ^SSflef tt^ft IT ^ fcii. ^coj;3tc 

[ 0 0 4 8 ] 

,[»i3] 



[004 9] zziz^fat Lrk=i . 2X'h$> t><otm 

^.it-t h Z t . -f *cto*> d 0 k / d oj = r g . ktl)^ 



r PMD = I r 1 - r gZ I t W C (i jfe^ig«j»«0 KIR 



(8) 



13 

X ■ ^ 9 h/l/^^^DU'TS 0 mcO^ 3 - > X ■ fffj 



oT, ft^DUT3 0fc;feWt*(gft* — K#K<:9jE*I2: 
^t^^BBfiojf^qe- K^tt^^J^^rffi* Jt Off 

l3l5«!Bt:«;tt0 6 £^ L*:ft^D U T 3 O'oiSifitf) 
«ft*- K##*£^JSr* t^T*** . KWiAOCD&t} 

- v-t-»M if «:2o^S*o**x"^;ft.fc:ii^Tfta8 4 o £ 
J: oT?S£$*L*ft*&<0«ft«flg£, 3oOBfr^f)Ji^ 

wi«*ttas. em* 6 o , Rif i 2 o * com 

[ 0 0 5 0 ] flfft^V-fetM If 5 0C0ftJjl±yt¥D UT 
3 0 tfOA^F Klf&S fL5 • ft^P DUT3Qtno^)^i 
g Q-e Jx-PfUcfc^T 'jfeftKOaSifly g ->X • fiffjg jfL 
T ^ & . f&fcjn-r J: 3 tc. ft^ d ut 3 0 Stlft 
K#»li^J£)£a6Jtf£WC:<0> r 3 ->X • *t'Wj&» 

<0>?3 ->X - ^^*i2o^&^^*;ft.^*U::;fcft£ft 
IS 1 O0f^^JIH»:W^«56«)SicW'r-6 3e^D U T 3 0 

flh. 

C0051] j: vmmtz&m-tht . ft^o ut3oc 

■C^S*l-CV*£. ±iecO(atC^-r J: 3 tC . *f DUT-3 

0 c t$ r lift*- Kfl-iSfr^Jjg-f 5 :fr&<?>-- 
nasCTtjy 3 -vx^m^^^fii^ lx i^s , ^^du 

T 3 0 £ & ^Tff.ft*- H^ffitSr^J^-r &^^>k:>?3 - 
vX8*?I0-ffi£*ijffl^-*fc:«fc* ft3*D U T^zm^tlh 2 

-z><nWL&<n%r* tcfcft&fti&l o«ft#Jg£3aiS z t w 
rftstai £^±ir £ #s^ft^^x*;u^m^*iT 

ftiKfc: J: o T *£3ft6ft&ttft£<Z>«ft#!iS 
^ttiCfc^t^. ttitzli. IffPJttfcllft Lfcft 
«^«fc 5*#ittft^«ft LfcfttS. X(itIftL2r^ft 
ia***i3h.&. *<omm\i* i3t^>"tt>ff5 0(:J: 
oT. fti&4 0 *»£||£$3h. 3tK I tfiiftS' 

v-fe-y-^ ^z&z&izt&mytftmfimmitzmwT&fr 

hX'foh* L**L, ft$S4 0 A* 2ocO-«^(7>«-* T'iEia 
WfcS ft L fti®coiM*fti:. fl 

ftx^-fclMlfS O^il^^O-tr -y f -f v?'(2&^ J: 3 £ 
^^(tntf^ fc$fV*. -f3r;b^, ftj® K J: 9 3 ft 
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IS fiO J: -)t , flft>- y-fe-^^ ifco-b -y t 1 

*>^fB*) A*frjfoft$r^J: o K S ft fcftfcf 4 $: . ft' 

?dut3 o (zfc v^r «**- k#»£«^?" <so 
*«^<o*a<?5-ii«sMt:ffi-7 x . iift^v-tr^-r f 5 

0 «i 3 o<ap/r£^«ftttffifc)8&KS$ft* 
2o^»^«0«.^t*>V^"C3K^DUTt:il|i?>^5 5ttMll 
tilH 8 6 0 T-ffc-t <fc 3 fc . #^^0^It3o 

^Bff^O«3K«® Sr^-r-S - ^Tl 5 . M L if . lift 

>->"fe-0->fiF5oiio - . 60-^^120 jeriEigw 

S. liftttSS^MBBLT^iiOT-, X. >e *l 4> so f f ft # 

®-**iisswr* -s ot, 3 o^A^ft^m-f^co^ 3 -> 

[ 0 0 5 2 ] 
[ft 1 4 ] 



as 



20 



30 



[0053] d^ltC. i = l. 2 J± 2 0<7)2SJ&t=*l"Ji5 
L , j = l, 2. 5 0<?5 3OC0f|| 

^^^^^tc^/e l . e ijti@T^lS^tw±5tt-2>lift^ 

3 o^^^oA^lift^^^^rt;5ftlll (i, I8^# 
6 2r,Tt«j:9(c^^ (^^ft^) zmx . x«i 

ft 7 t^^n"5 1 ££TftS*DUT3 0 tC iM ^> ft ^ . . ft ^ 
DUT3 Oii20£0^^^^<?r<^/III^^30C7)Hff^^ 

A^ilft^^co^-^oiS^tc X 9£/£$ia-£ft;&l ^li 

[ 0 0 5 4 ] !ui£<0 J: 3 . ft^D U T 3 0 C ^ ft ^ II 
ft* - Kfl-ttti. ft^DUTfi0fift**7ft'*$^T^Sd# 

S^v^. L^L, ft^D U T 3 0 coMftcommz X hft 

mi±m&x m^^mtox^? bfr&i&m^h - 1 1= J: ^ 

T, T^i5^>, ^^fcr^^aj^^^ «0!pmfe<Oft® & t 

^i^: hciot, Xiamen- 1 ia^^*>-fr?t/£v^ 
b;ucoft3i4 o ^ h z t iz j: x m^-t h Z t 

^T'#^. ft^D UT3 Ocoifft*- K^ti^^5t(l 
4)*c J: 3^com#.M%mWLX v^-&A*« 

40 ^y 3 -yX - \^h^t, TIEO J: '3 2 ^»<50^^<50 
r§-^r (zfc tt^ 3 oom£<7>JI A*«ft«®tc*tT 
^ft^DUT^O. «S$tL^ 30(7)^t *»^WSt5 

2 o^&^-C^fift^v-fe^-f if 5 OtcJ: 0"^J3£'SfL^ 

^<7)^^i: LT4f 6 2oc7)^^£7)^-^ f^ftiSSA 1 O 
SBtt^dftflcHllift^D U T 3 0 S: WS^'HiT. ^^ft«^ 
X*ift 7 r 5 2 £HT lift It 1 OCIU^. 08 
<7)#,^#-^ 64TiK$fLl>J:a(c. ft^fiftlt l 0(il 



50 



15 

.[ 0 0 5 5 ] l"0*i«5e»tc J: 

* £»£L. 0 8<O#JH#-f-6 6 ^ J: otitJ: o K . 
*tJfc-f • ^9 Ml^lt^'S - Ztll±2~OC0 

cos 8 a -j 
sin 6^. 
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[ 0 0 5 6 ] 
[»1-5J 



[0057] d d . i = 1 . 2 it 2.O0>«*fc:*rjE5 
L. j = l. 2. 3 tiifijfe^ ytt>f If 5 0 <0 3 O^OIHI 

^fi^^ri^^tc j: -s^^a 1 60 3 ocomakw^s^tiwjEe 
r/F&ftm&mm 18-21^ o^^^it^m^ft-^ 

T'£> h . HBgfcli, «S*T#J«±*3**^ 14-1 7(7)^ 

t . ^&£«g*!t 18-21 comxcoytm^ 1 o- 

^"r&3ta6<!02(s*BJ«oS"^(i^ h-9 . h;^S i j 

tfft^m&cO xRTS y flSfl-corafclfflttfitffllf ®rf&&ti 
& d £f£§&^-£ . &o T . x h - ? -^^hyUiaa 

is y-tzVJ V s 5 0c7)3O(7)/ilI^6^^riS^c0^-^tCO^r 

asa^-ftco^H -y x • ^9 h j\ss\t%zmzti& z t& 
x'$h„ zM±m&<DMmm*&Wi&m^~ 0 1/ 
755, 9 3 l-^tciea^nr n^^. m 

3 i-^*ciei2Sii.rv^-6fc*jo. is 8 ^#sg#4 7 o n 

[ 0 0 5 8 ] fflfctt S 4 X fSLmm* ft iXff 

htih Z £ h £ . 'nFlMco& •*> jEilSr'ffJEfi. 2 

10 0 0 

12 0 0 

3JJ «*- - -1 0 2 0 

-10 0 2 



10 



20 



30 



izfj mizKc h . * *l £ J: T. . tl^eo 3 o co/iil^fi^ 
fcAattJS^Tieco J; 3 i L uiM^#T'£ h . fifR 

& Z £ l,z J: -o X £.f£-$~ & Z £ £ L ^ . fiit: 
J: o r (S*^ 3 o^WI^W^A*«©coai^J<±i3E L 

«»a«o° . so* si/no' T'^oi:^^^M 

3£^5 0 a . 50b&r/50cli, ^tf0«fc-5k:^j/?$ix 
& d £ tftfr x. L ^ 0 f f/a - yXA^]^ 9 YiV 

Hat v intc J: OM&Zti-h 3 o co US <^ ft ^ A ^7 Vtm- 

ti^-f ^R_bTi 20° commzmx 

[ 0 0 5 9 ] ^tCajc^B^co^^CO-^JfiW^taeorff^J 
M^^?DUT3 0.T^«3K*- K ^ IK CO ^J^"T ^> <1 
t ZmmT h (r>l-z<j£W%-<ZR$tfc J; -SASo^^ft^*: 

(16)T'^> hm^\±. <X1tn fio^-tfo • h;Ub ti 

3&« T' & £ . . 
[ 0 0 6 0 ] 
Itl6] 



(IS 



[006 1] ;uh»j^xA(7)(il^rilCn {±Wtt*§*d. 

e t ( A — c I ) — 0<nW-^Wt^ZX^Xnhfl. ZZIZ 
I (iAfcRI t^Tc^aSUffWC*^. ±ffl<!0-*S5C (16) 

(i^^T'ii^:^^^ 1/^2x2 3t£»Hc J; otlt: t 
TP. ^^0 J: ^ $:?f*»m 2 OtfOl^'DiflC 1 



50 



«rv^. ) ZJi-fh Z £ itmh. 

[006. 2 ] i6 U^tK^D UT30^J: 

■rsfear>t=. f5ip«r^^7t^4 o^d^^>-tr^-f if 5 

T^fiJt^ fL6**Rfi0(i3fc«c®5: . mt\f^. 6 0 • R 
J/ 1 2 0 j£<7>ig;&(?) J: '3 ^ 3 -z>coP\ty LTU -fe igjt^S 



17 

£. ytTD UT3 0OliW^^fl${iy 3 -yX • 
?T?'JM ( co ) lZ£r>Xm£tl&. ^^DUT30(7)ffi^ 

6 VWi. t^^D UT 3 0 fid* v-V-tr-^-T if 5 0 t M^t 

=5:<3K^D-UTS:ii-oT«3e«-^fce»-f S J: 5t?ft 
[ 0 0 6 3 ] mfew&McDftmtiiWtton tc^UT , fifjfc 

Hy^^^S^l^il^aifln- FMO 7/7 5 5, 9 3 1 
>XTt¥\m (con) IZ2^cd&Mco& * iz&tf 

J: 3 tc5fc^D UT3 OT'^I^^- K^ft^flSfi; 

(B3fcfc:£:&;*ftS:^]85fi<z>i§£-ti, iMftcom&iti :*j#JS- 
ti> ? 3->'X-^^h;Uwk=M ( 6o ) zk ( k = 1 . 
2) CJ;oT^$a H ^ffiffl<7)3es«at:E: 
5# 1 ft J: 0-t^l^I3fc 

ft sssfcxti fim&^r-r &y6¥mw%.xs®mm 
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wk=M ( Co ) zk ( k = 1 , 2) £±js£-f a . ^^^T 

rtr^r Ip| — t*a s • ) f;t'zkhwk *i: — j^-fb ^ ia 

10 iKfiO^-gsU;: J: -^TSSftS. 
[ 0 0,6 4 ] 
[817] 

c£> = Ab. Q0 

[ 0 0 6 5 ] c ^ izm#&&m<i® a < <u ) (ico^n^Uf 

am as (u) tc j: ^.xmztih-wiitzntzmfccom*^. 
m^x. 2mcommv &i . g. 2^01151?-* . 

[0066] *mi$(ii)£&n&ttftmt:ttm*r&tztf> 

rtis-ymmzjzm-r h z t^zx-ox . z^^-itu e x 

p C i r g , k (a> -coo ) tcj: otlli^iTISn 
5 o £ *J 3 — > X • < 9 V ;HIat w k ( ie # w co ± nz * 
tfOifi-f-S--^-rS t «0. fiat) Srfflv^T^-Sse (17) 

J: 3 & *. h Z t -6 . 

[ 0 0 6 7 J 
30 1 8 ] 



[ 0 0 6 8 ] 2r*Ix*; (18)t^S 5^.(9) OSliattiiH^RET 
£> 9 , «I — ^ffiJtti;**!*: (18)** 2 ooas*S*ttJB<9 

;co<^ h/tfo^^? rg,l, xiir g, 2 

£#oT®K3lffl£iI : oTSfll$ft&. ^fUsC (18)fiA;fr 



-ai^f^f^Hatwk=HatM ( co ) z'k bML&-&to-£ & 

[ 0 0 6 9 ] 
[» 1 9 J 



J ^(ca) for ^(co+agj) = 2 x {io) . fl? ) 



.[ 0 0 7 0 ] z z?mtz*-ttv>nmtfmm.$tL& . [^201 

[ 0 0 7 1 ] 

a < di ) 

[0072] ^cc^-s^d^tiwisr^js-rs tfyttn [0073] 

^> ^ 5 , [ » 2 1 ] 



M f , Ad>) =/? 1 (<D)Af(co+ACj) a/id Af 7 (co, aw) = JV" 1 (co) +aco ) . ^ ioJ> 



19 

[ 0 0 7 4 ] M ' (co.Aco) zk (co) te&*Sf£$Ct9 
CiotM' ( 0) ^ A oj ) zk ( co ) C <D 

cr ( CO +ACL> ) 



(11) nmW- 5-273082 
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[ 0 0 7 5 ] 



i?' ( CO , A<0 ) 2 k ( to ) 



a (co) 



[ 0 0 7 6 ] #g5t(16)fc Jttt-f * , M(7)A^]» 
#JBzk (co) (iTE«o*S^t:«fc-5Tt§^^i»lll« , fi[ 

^Wji-fsNT (o>. aco) con^fifea a ^ h &m 



Cm 2 2 J 
**° ^(o>) . 

S . 

[ 0 0 7 7 ] 
[823] 



(21) 



a (to) 

[ 0 0 7 8 ] fff<omxli x = a e 1 b fiO 5£ T* I* 
- t **tl . ■ C C a t b liHRT-fc 0 . b x O&A 

CxD = bt*5. ftf£tc. «5K^e- K^ttO^yP-r 
M5illrPMD=| rg, 1 - r g. 2 I fiAcoh M' ( co , A 

* <7(<0) 6 



r Cco) 



tfX'Z S . 
[ 0 0 7 9] 

im2 4 ] 

(23) 



[0 0 8 0 ] Cft.J2 08cO#B3#-5f-7 2C^t^0T' 

£> S * H 6 tc^-r^^D u T 3 o co j; 5 ^jfe^iiaxw: 

&38t<wn. n = 1 . 2- - N UT t^^^^D U TCO 

Lti$£WLif s fitM£tL& . con t> <*> n-\ $s 5fc lie co 

^^h;UM' (con,co n+i -con)tcJ:oT^?fL. 

K^^k-riSIIiJg^ (24)tcJ:oT 
-r ^(cc k wig tff^Jioil^rffiT'* s . n#2 

cor. Ol3K^a3*S*ttSI(i|S!mk:wk.n=M (con)z 
k, rre& h ij <7) k. mw-fh . 

[ 0 0 8 1 ] K#»«ijgiflffl5g 0 irzm 9 

fc^-t-ffs ^ffl^r Ritai^fct o t l m^-th z t & 

"C # S „ 19^:^1 9', 10'. 30' ,5 

1' &L*52' lig 6 tc^ L*:*^ 9 , 10, 30, 5 
1 &IA'5 2 <h ^*.^**L*fJGD Lt US . Oft — <OffljtjSUi* 40 
*fi 1 # J§ fate co 1 0 OCJ: oTtE^D UT3 

0' ^zm^tt, MM co — 95^13 6 tzifrT J: 3 £3fe4* 
D U T 3 0 C J; o T if* It 1 0 ^ a & $ ti S co X'li =Sr 

[ 0 0 8 2] I|<Jt^^ ^?DUT30X(i30' 



tk$-^-r#< ^o^aa-tx (xti) Lr^in 
[ 0 0 8 3 ] mi o(i3o^ti(ii?iixmiii&i 

DUT A, DUT BRT/DUTCcommZ^LX 
4. J^ilSKO^fflliDUT A.&l/DUT B^^T. 
^^^^^■#5 1 0 0 ' -*\t 3 3 - ^-xftrnzT* L 
TU&. J'JDiiD UTA, MDUT B^gt, ^ 
r^J^^^-^ 10 0' /v^ [6jj&» -3 iS3K«0^8li£:^ LT u 
ft^JEaDUT C (^^^^X(i^l^c7)l£l^li) 

^ L X u 5 . 
[0 0 8 4] DUT CO«*^- 

dut ccomm tmkco^^x'Tmm^ti^ii' 

titftc h 5ru. i/ 3 - vX^n\i / y-tc< bt> 2 ^coftm 

T'«HfllB9E*c-rS3ta6*cjE5ifc: 2 r> to WlfaWi o> 1 Rtf a> 2 
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